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ELECTRICAL VARIABLE OPTICAL ATTENUATOR 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

[0001] The present invention relates to an electrical variable optical attenuator 
for use in optical fiber communications and for use with optical network 
technology, and particularly to an electrical variable attenuator with a mechanism 
for holding the orientation of an attenuation filter without inducing trembling of 
the filter. 

2. Description of Related Art 

[0002] An optical attenuator is a passive optical component for reducing 
optical power propagating in an optical fiber, and may perform fixed or variable 
attenuation. Opti cal attenuators are widely used in optical transmission systems 
and optical networks. 

[0003] A general variable attenuator has a filter. The filter has an effective 
filter region disposed in the optical path between a coUunator and a reflector. The 
filter has a filter density which varies firom a low density region to a high density 
region. The transmitted light is attenuated to different intensities by linear 
movement of the filter across the optical path of the Ught. 
[0004] For example, U.S. Patent No. 6,130,984 discloses an electrical variable 
optical attenuator comprising a filter mounted on a wiper for being selectively 
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positioned within tiie optical path of a light beam, a screw for guiding and coupling 
with the wiper, and a motor for driving the screw to rotate. The wiper and the 
screw keep relatively stable along the intended axial center line of the screw. 
Changing the axial center line of the screw, however, causes the axial center line of 
the wiper and the filter to change with respect to the optical path of the light. 
When the motor drives the screw to rotate, the screw and the filter tremble slightly. 
This trembling affects the attenuated value and its precision. 
[0005] The present invention provides an electrical variable optical attenuator 
which has a mechanism for precisely orientating the filter and avoiding trembling 
of the filter. 

STMMARY OF THE INVENTION 
[0006] An object of the present invention is to provide an electrical variable 
optical attenuator, and particularly to provide an electrical variable attenuator 
having a mechanism for orientating the filter while avoiding trembling of the filter. 
[0007] An electrical variable optical attenuator of the present invention 
comprises a cover, a housing, an optical module, an attenuating means, an 
electrical driving element, an input fiber and an output fiber. 
[0008] The electrical driving element comprises a screw, a stepping motor, a 
pin holder and a resistor. The stepping motor drives a screw rod. The stepping 
motor controls the direction and speed of the screw rod according to the resistance 
provided by the resistor. The screw rod drives the attenuating means. 
[0009] The attenuating means comprises a carrier, a filter and a sliding patch. 
The carrier has an insertion slot on top of the carrier for fixing the filter therein, a 



guide groove in a bottom of the carrier, and an inner screw and a slot separately 
defined in both sides of the carrier. The sliding patch is fixed in the slot and 
comprises a wiper portion for contacting with the resistor. The filter has a varying 
optical density gradient along at least one of its dimensions. 
[0010] The optical module has a guide pole, a first mirror, a second mirror, a 
through hole, a pair of containing grooves, and a guide hole. The containing 
grooves separately fix fiber collimators attached to ends of the input and output 
fibers, holding them parallel to one another and directed towards the two mirrors. 
The through hole is defmed in a sidewall of the optical module. The guide pole is 
received in the guide groove of the carrier for confining the movement of the 
carrier along the screw rod, thereby avoiding trembling of the screw rod during 
rotation of the screw rod. 

[0009] In assembly, the resistor of the electrical driving element is received in 
a cavity of the optical module. The guide pole of the optical module is received 
in the guide groove of the carrier. The screw rod of the electrical driving element 
extends through the through hole and engages with the inner screw of the 
attenuating means. The wiper portion of the attenuating means contacts with the 
resistor of the electrical driving element. The optical module and the electrical 
driving element are fixed together and fixed into the housing. 

Other objects, advantages, and novel features of the present mvention will 
become more apparent firom the following detailed description when taken in 
conjunction with the accompanying drawings. 
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RRTRF DESCRIPTION OF THE DRAWINGS 
[0011] FIG. 1 is an assembled view of an electrical variable optical attenuator 

of the present invention; 

[0012] FIG. 2 is a perspective, exploded view of the electrical variable optical 
attenuator of FIG. 1; 

[0013] FIG. 3 is a partially assembled detail of FIG. 2, without a cover, from a 
top-aspect; 

[00141 FIG 4 is an essential optical path view of the electrical variable 
attenuator; 

[0015] FIG 5 is a perspective, exploded view of an attenuating means of the 
electrical variable optical attenuator; 

[0016] FIG 6 is a perspective view of an optical module of the electrical 
variable optical attenuator; 

[0017] FIG. 7 is a cross-sectional view taken along line 7 — 7 of FIG. 3 ; 
[0018] FIG 8 is a perspective, partially assembled view of the electrical 
variable optical attenuator with the attenuating means outside the assembly. 

DETAILED DESCRIPTION OF THE INVENTION 
[0019] As shown in FIG. 1 and FIG 2, an electrical variable optical attenuator 
10 of the present invention comprises a housing 1, a cover 2, an attenuating means 
3, an optical module 4, an electrical driving element 5, an input fiber 87, an output 
fiber 86, an input fiber collimator 81, an output fiber collimator 80, boots 120,121 
and fiber housing 110,111. 

[0020] The housing 1 forms four sidewalls (not labeled) and a bottom wall (16) 
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and defines an inner cavity (not labeled) therebetween. A screw hole 132 is 
defined in a sleeve (not labeled) protruding into the middle of the inner cavity (not 
labeled) of the housing 1. A plurality of pin holes 133 are defined in a comer of 
the bottom wall 16 of the housing 1. Two side holes 130,131 are defined in one 
sidewall (not labeled) of the housing 1. 

[0021] The electrical driving element 5 comprises a screw 51, a stepping motor 
55, a pin holder 56 and a resistor 57. The stepping motor 55 comprises a screw 
rod 552. The pin holder 56 is mounted in the pin holes 133 of the housing 1. 
An outside electrical source (not shown) supplies power to the stepping motor 55 
and the resistor 57 through the pin holder 56. The stepping motor 55 is fixed in the 
inner cavity (not labeled) of the housing 1, and drives the attenuating means 3 to 
move. The resistance provided by the resistor 57 varies corresponding to the 
position of the attenuating means 3. The stepping motor 55 controls and drives the 
screw rod 552 to rotate according to the amount of resistance provided by the 
resistor 57, then drives the attenuating means 3 to move. 

[0022] Also referring to FIG. 5, the attenuating means 3 comprises a carrier 30, 
a filter 32 and a sliding patch 31. The carrier 30 comprises an insertion slot 303 
for fixing the filter 32 therein on top of the carrier 30, a guide groove 301 defmed 
in a bottom of the carrier 30, an inner screw 302 and a slot 304 separately defined 
in both sides of the carrier 30. The sliding patch 31 is fixed in the slot 304 and 
comprises a wiper portion 310 for contacting with the resistor 57. The filter 32 
has a varying optical density gradient along at least one of its dimensions. 
[0023] Also referring to FIG. 6, the optical module 4 comprises a guide pole 



41, a first mirror 44, and a second mirror 45, and defines a through hole 48, a pair 
of containing grooves 42,43, and a guide hole 47. The containmg grooves 42,43 
separately fix and hold the fiber collimators 80,81 parallel to one another, each 
fiber collimator 80,81 being separately directed towards a corresponding mirror 
45,44. The guide hole 47 is positioned in one side of the optical module 4. The 
guide hole 47 aligns with the screw hole 132 of the housing 1 and the screw 46 
engages with the guide hole 47 and the screw hole 132, mounting the optical 
module 4 in the housing 1 . The through hole 48 is defined in a sidewall 49 of the 
optical module 4, opposite where the fiber collimators 80,81 mount. The screw 
rod 552 of the stepping motor 55 extends through the through hole 48 and mto the 
cavity (not labeled) of the optical module 4. The guide pole 41 is received in the 
guide groove 301 of the carrier 30 for confining the movement of the carrier 30 
along the screw rod 552, and to thereby avoid trembling of the carrier 30 when the 
screw rod 552 is rotated. 

[0024] FIG 4 shows the essential optical path of the electrical variable optical 
attenuator 10. Signals fi-om the input fiber collimator 81 are reflected by the first 
mirror 44, pass through the filter 32, are attenuated by the filter 32, and are 
reflected by the second mirror 45 to pass through the output fiber collimator 80. 
The filter 32 moves along a direction perpendicular to Ihe optical path between the 
first mirror 44 and the second mirror 45. 

[0025] As shown in FIG 3 , FIG 7 and FIG 8, in assembly, the shding patch 3 1 
engages witii tiie slot 304 of the carrier 30. The filter 32 is inserted into the 
insertion slot 303 of the carrier 30. The attenuating means 3 is received in the 



optical module 4, with the guide pole 41 of the optical module 4 being received in 
the guide groove 301 of the carrier 30. The optical module 4 and the electrical 
driving element 5 are mounted in the inner cavity (not labeled) of the housing 1 . 
The stepping motor 55 and the optical module 4 are fixed together by the screw 5 1 . 
The pin holder 56 mounts in the pin holes 133 of the housing 1 and pin hole pads 
(not labeled) at the side of the stepping motor 55 and the resistor 57 engage with 
the pin holder 56. The resistor 57 of the electrical driving element 5 is received in 
the optical module 4, adjacent one inner sidewall of the optical module 4. The 
screw rod 552 of the electrical driving element 5 extends through the through hole 
48 and engages with the inner screw 302 of the attenuating means 3. The wiper 
portion 3 10 of the attenuating means 3 contacts with the resistor 57 of the electrical 
driving element 5. The input fiber 87 is inserted through the boot 120 and the fiber 
housing 110 and is assembled to the input fiber collimator 81. The output fiber 
86 is inserted through the boot 121 and the fiber housing 111 and is assembled to 
the output fiber collimator 80. The fiber collimators 80,81 are engaged in 
corresponding containing grooves 42,43 of the optical module 4, and the fiber 
housings 1 1 0, 1 1 1 are engaged with the side holes 130,131. The boots 120, 12 1 are 
pulled over respective fiber housings 1 1 0, 1 1 1 . 

[0026] In use, the stepping motor 55 drives the screw rod 552 in a clockwise 
and counterclockwise direction, as controlled by the resistance provided by the 
resistor 57. The screw rod 552 in tum drives the carrier 30 forward and backward 
along the guide pole 41, and thus the filter 32 moves forward and backward, as 
well. The optical density gradient of the filter 32 varies in a fi-ont to rear direction, 



so as the filter is carried forward and re^ward, a light beam fi*om the mirror 44 to 
the mirror 45 is attenuated by a different amount, depending on the position of the 
carrier 30 and filter 32 in the optical module 4. 

[0027] It is to be understood, however, that even though numerous 
characteristics and advantages of the present invention have been set forth in the 
foregoing description, together with details of the structure and fimction of the 
invention, the disclosure is illustrative only, and changes may be made in detail, 
especially in matters of shape, size, and arrangement of parts within the principles 
of the invention to the full extent indicated by the broad general meaning of the 
terms in which the appended claims are expressed. 
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